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ABSTRACT 

Different α-Fe2O3 porous architectures were obtained by electrospinning (nanotubes) 

or without electrospinning (flakes), and heating treatments using Fe(NO3)2/PVP 

(Polyvinylpyrrolidone) as a precursor. The particles constituting the nanotubes and 

flakes samples exhibited similar wall porosity and crystal size, while the existence of the 

micropore area was also a characteristic. The chemical identity was confirmed as 

hematite by XRD, Raman and XPS studies. The prepared samples were studied as 

photocatalytic materials in the removal of NOX gases from air, their De-NOX ability being 

superior to that previously reported for hematite photocatalysts. These porous 

hematite samples exhibited a high NO conversion efficiency and similar to that of TiO2 

P25, this being the first report for -Fe2O3 oxide. Additionally, the calculated De-NOX 

selectivity values were higher than that of TiO2 P25. The adsorption of NO2 molecules is 

facilitated on these porous architectures, assisting in the enhancement of the of the 

photochemical process selectivity. 
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1. Introduction    

Air quality, or in other words its degradation or pollution, is the result of complex 

phenomena derived from a plurality of causes and effects generally associated with human 

activity and the emission of pollutants into the atmosphere. Currently, cities fight against 

serious pollution problems in their urban atmosphere, due to emissions from transport 

systems and industry. In fact, transport systems are becoming the main source of nitrogen 

oxides (NOX = NO + NO2) pollutant emissions [1]. Unfortunately, despite the adversative and 

dangerous effects associated with its presence in the atmosphere [2, 3], the recommended 

maximum amount of breathable NOX is still often exceeded, especially in large cities [4, 5], 

rendering the efficient removal of NOX one of the main open challenges.  

Over the past years, the photocatalytic oxidation (PCO) of NOX emissions has been 

recognized as being a potent and simple technology to remove NOX gases from the 

atmosphere, known as De-NOX action [6-8]. Thus, the photochemical NOX oxidation is easily 

promoted by using only a TiO2 photocatalyst, atmospheric oxygen, water, and UV-A radiation 

[9, 10]. On this basis, building materials such as photocatalytic pavements, cement, mortars, 

and paints are designed as tools to combat NOX pollution in our cities [11, 12]. The future 

implementation of De-NOX materials in our cities, a large-scale operation, would prevail when 

low-cost materials with the highest photocatalytic efficiency (under UV and Vis light 

irradiation) were developed [13-15]. In this sense, an interesting alternative to TiO2 is iron 

oxide. 

 The iron oxide (III) hematite phase (α-Fe2O3; EG  2.1 eV) has emerged as an appealing 

candidate, thanks to its easy accessibility, abundance, low cost and biocompatibility [16]. It is 

known that properties of the -Fe2O3  surface structure, including surface area, porosity and 

morphology; crystal size and defects; doping or the presence of impurities  together with the 

experimental parameters of synthesis have an influence on their photocatalytic activity [16]. It 

is also known that outstanding photocatalytic performances were found through the 
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preparation of nanoarchitectures [17-22]. Recently, our research group reported the 1D 

nanoarchitecture of hematite as a De-NOX photocatalyst [23], empowering the NOX removal 

efficiency reported in the past [24]. Now, we focus our attention on the improvement of De-

NOX response by changing its microstructure. As it was previously reported for TiO2, designing 

an appropriate porous microstructure resulted in enhanced photocatalytic activity in both 

aqueous and gas media reactions [10, 25, 26]. The present work is devoted to the preparation 

of singular hematite porous architectures with different dimensionality  nanotubes and flakes 

 exhibiting an outstanding efficiency as a De-NOX photocatalyst. The chemical, physical and 

optical properties of the samples were characterized. For the first time, thanks to this singular 

porous architecture, hematite shows similar NO removal efficiency to that exhibited by the 

TiO2 P25 standard photocatalyst. Moreover, porous hematite exhibited higher De-NOX 

selectivity than titania. 

 

 

2. Experimental 

2.1 Preparation of hematite samples 

The hematite electrospun nanotubes (H_nanotubes) were obtained by electrospinning using a 

BERTAN power source 225-30R model. The precursor solution was composed of 2 g Iron (II) 

nitrate nona-hydrate in PVP (Polyvinylpyrrolidone), dissolved in 40 mL of ethanol and 10 mL 

H2O. PVP solution was prepared using 5 g of 1.300.000 Mw PVP. The electrical potential, with 

negative polarity in the active electrode, was 30 kV. A fast thermal treatment was performed 

by introducing the as-obtained electrospun PVP fibres in a preheated oven at 350 C in order 

to avoid melting creep and sticking, followed by a heating slope of 15 C·min-1 to 650 C and 

kept at this temperature for 3 h. Hematite flakes (H_flakes) were prepared using the same 

polymer solution as sample H_ nanotubes without using the electrospun technique. Thus, the 

precursor solution was calcined following a multi-step heating sequence: at 100 C, 200 C and 
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300 C, maintaining a constant temperature for 30 min for each step and, finally, increasing 

the temperature (with a 15 C·min-1 slope) to 650 C and then keeping it at this temperature 

for 3 h. For comparison purposes, a commercial photocatalytic additive, Aeroxide® TiO2 P25 

(Evonik), was also used. 

 

2.2 Instrumentation 

The identification of crystalline phases and the average crystallite size were achieved using X-

ray diffraction (XRD) on a Siemens D5000 X-ray diffractometer with CuK1,2 radiation. The 

crystal structure and the average crystallite size of the samples were estimated using the 

Rietveld and Williamson-Hall methods. Scanning electron microscopy (SEM) images were 

obtained with a FEI Helios Nanolab 650 FESEM microscope and high-resolution transmission 

electron microscopy (HRTEM) images were recorded using a JEOL-2010. Nitrogen absorption 

isotherms were obtained at 77.4 K on an ASAP 2020 instrument from Micromeritics. Infrared 

spectra, IR, transmittance mode with normal incidence, were obtained using a Perkin Elmer 

FTIR System Spectrum BX. Raman spectra were recorded by a Raman spectrometer 

(SENTERRA) with a confocal microscope (Olympus BX series) using 785 nm to avoid 

fluorescence. X-ray photoelectron spectra were recorded using a Physical Electronics PHI 5700 

spectrometer.  

 

2.3 Photocatalysis  

The photocatalytic activity of the materials towards the oxidation of NO was studied by using a 

50 x 50 mm sample holder placed in a laminar flow reactor. The reactor was placed inside a 

light sealed irradiation box (Solarbox 3000e RH) equipped with a Xe lamp (300  825 nm 

spectral emission) with controlled irradiance. A 10 mg sample was used in each photocatalytic 

test. Artificial sunlight (25 and 550 W·m-2 for UV and visible irradiances, respectively) was used 
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as the irradiation source. Air was conveyed by a gas-washing bottle, filled with demineralised 

water in order to keep the relative humidity of the supplied gas fixed at 50 ± 5%. A mixture of 

air/NO was sent to the photoreactor. Synthetic air and NO gas streams were mixed to obtain 

the desired NO concentration (150 ppb). The accurate measurement of the concentration of 

NO, NOX and NO2 was carried out using a chemiluminescence analyser (model 

Environnement AC32M); a flow rate, Q, of 0.30 L min-1 was employed. The photocatalytic 

efficiency was evaluated following the NO conversion (%), NO2 released (%) and NOX 

conversion (%) parameters (defined in Electronic Supplementary Information; ESI). 

Additional information about methods is provided in ESI. 

 

3. Results and discussion 

3.1 Samples characterisation  

As previously reported, the final diameter of the solid α-Fe2O3 electrospun fibres is dependent 

on the initial PVP fiber diameter and the concentration of the iron oxide precursor, decreasing 

with the concentration of the iron compound in the polymer [27-29]. However, using higher 

molecular weight PVP (Mw = 1,300,000) increases the solution viscosity, for the same initial 

concentrations of PVP and Fe precursor (water solution) in the ethanol solvent, which leads to 

mats of thicker PVP fibres being obtained than by using lower PVP Mw.  Depending on the rate 

of the heating treatment, the initial electrospun PVP fibre mat is converted into a mat of Fe2O3 

interconnected nanotubes, Figs. 1a and 1b (H_nanotubes sample). The influence of the 

heating rate in the formation and morphology of the hollow fibres was previously reported 

[30]. At a lower heating rate, the fibre is homogenously heated, leading to shrinkage of its 

diameter. At higher heating rates, the electrospun fibres form an outer crust preventing 

further contraction of the outer diameter, while the inner polymer continues shrinking, 

undergoing two simultaneous forces: cohesive and adhesive. When the adhesive is stronger 
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than the cohesive force, then the shrinking would be outward the preformed crust, resulting in 

a hollow fibre. The prevalence of cohesive forces, or no formation of the outer preformed 

crust, results in reduced diameter and solid fibres. This high rate of heating was carried out by 

introducing the electrospun fibres in a preheated oven at 350 C, followed by a heating rate of 

15 C·min-1 to 650 C, and maintained at 650 C for 3 hours. On average, for this H_nanotubes 

sample, the outer diameter of the nanotubes was in the 200 – 500 nm range (mean 317 nm, 

standard deviation 110 nm). However, a few tubes reach the highest dimensions shown in Fig. 

1c, with an outer diameter of 2.3 µm and wall thickness of 120 nm, corresponding to 

microtubes (Figs 1c and, 1d). This sometimes happens because lateral fusion of several 

nanotubes. The wall of the nanotubes exhibited a smooth external surface and a porous 

interior, Figs. 1c and 1d and Fig. S1. 

On the other hand, powders resembling flakes were obtained when electrospinning was not 

used and the polymer precursor solution was directly calcined as previously described. The 

flakes showed a stacked structure of lamellas, as shown by low magnification optical 

microscopy (Fig. S2). In the higher magnification of the electron microscopy (Fig. 2), some 

rolled lamellas of hematite (Fig. 2a and 2b) and mainly, porous flat lamellas (Figs. 2c and 2d) 

with a thickness of around 1 μm (Fig. 2d) were observed. The laminar structure, that forms the 

flakes, could be produced by self-assembly of the PVP with the polar solvent ethanol/water 

(iron nitrate), as it is known that the polarity of the solvent has an effect on the assembly 

behaviour of the PVP. In fact, PVP is an amphiphilic molecule with the amide groups in the 

pyrrolidone rings as hydrophilic groups and the hydrocarbon chains as hydrophobic groups 

[31-33].   

In both cases, the wall of the nanotubes and the lamellas (which forms the flakes) were highly 

porous.  It has been proposed that ternary systems containing a highly volatile solvent and a 

less volatile solvent mixed with the polymer create porosity [34] because of the difference in 

evaporation rates and by thermally-induced phase separation. If the sample is quickly heated, 
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a crust is formed. The  layer which  forms the “skin” of the crust acts as a barrier against the 

diffusion of components , causing slower coagulation in the bulk resulting in a highly porous 

structure below the skin [35], as observed for H_nanotubes and H_flakes samples. A similar 

particle pattern of the wall cross-section of the nanotubes and lamellas (Figures 1 and 2) could 

be explained based on spinodal phase separation [36, 37], with spinodal phase separation 

being characterised by the occurrence of diffusion against a concentration gradient, and 

porous nanostructures being obtained (Scheme 1) [38],[39]. The Mw of PVP, PVP/precursor 

concentration ratio, and the polar and water solvent, and the rate of heating would affect the 

type of thermally induced phase separation and the final morphology [34]. 

The chemical identity was elucidated as hematite by XRD, XPS and Raman. Fig. 3a shows the 

XRD pattern corresponding to the prepared samples. All detected peaks were ascribable to the 

hkl reflections of rhombohedral α-Fe2O3. The calculated crystal sizes were 54 and 66 nm for 

H_nanotubes and H_flakes samples, respectively. Comparing these values with those 

measured from SEM images (Fig. S1) it was concluded that nanotube walls and sheets are 

constituted by the assembling of independent hematite nanocrystals. Hematite can also be 

easily distinguished from other iron oxides or hydroxides using Raman. From the Raman 

spectra of both samples (Fig. 3b), the bands at 226 and 496 cm1, (A1g mode) and those at 245, 

293, 411, 612 cm-1 (Eg mode) correspond to that expected for hematite [40, 41]. No other 

peaks are detected, discarding the presence of other iron oxides and iron oxyhydroxides. 

The chemical composition was confirmed through the study of the corresponding XPS spectra. 

The XPS spectra of the Fe2p region and Fe3p were identical for both samples. Fig. 3c, as an 

example, shows those corresponding to the sample H_nanotubes. The broad peaks at 725.4 

and 711.3 eV correspond to those reported for 2p1/2 and 2p3/2 signals, respectively, of Fe3+ in 

Fe2O3 [42]. The satellite signal appeared at 719.2 eV is also expected for Fe2O3, whereas a 

signal at around 715 eV would be consistent with the existence of Fe2+ [43]. Moreover, the 

presence of Fe3+ was also corroborated from the spectra of Fe 3p XPS region (Fig. 3c inset). 
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Only one main peak is registered at 55.6 eV, because the XPS spectrometer does not have the 

resolution to resolve the 3p1/2 and 3p3/2 signals. The deconvolution of the 3p region was carried 

out considering the Fe 3p3/2 peak at 55.6 eV. No signal was observed at the binding-energy 

value expected for Fe2+, that is, at 53.7 eV.  

Following the physical characterisation, the porosity of the α-Fe2O3 samples was studied from 

adsorption-desorption isotherms of N2 at 77K, Fig. 4a. Type II isotherms were obtained for α-

Fe2O3 samples [44], from which the area of the samples were estimated, Table 1. The observed 

isotherms are characteristics of low porosity solids, exhibiting a heterogeneous microstructure 

consisting of micro-, meso- and macropores (Fig 4a inset). It is worth noting that most of the 

surface area consists of micropores (Table 1 and Fig. 4a). The adsorption-desorption branches 

show a hysteresis loop, which fits the H3 type characteristic of mesoporous materials, in 

agreement with the increased pore size distribution observed in the 2.0 – 5.0 nm range. In 

comparison with the previously reported hematite nano-powders [23, 24], the largest 

micropore area measured for these samples would be consistent with the promotion of 

microporosity in the crust of the nanotube/film, because of the spinodal phase separation, as 

stated above. 

Finally, the optical properties of the samples were analysed by reflectance spectroscopy. The 

acquired diffuse reflectance spectra was converted to the Kubelka-Munk function, [F(R∞) hν]2. 

The band gap energy  Eg  of the samples is found plotting [F(R∞) hν]2 against hν, as is shown 

in Fig. 4b. For both samples the Eg value was calculated as 2.15 eV, which is very close to the 

expected 2.2 eV for bulk α-Fe2O3 [24]. 

 

3.2 NOX Photocatalytic oxidation test 

The NO photo-oxidation efficiency of the α-Fe2O3 samples was studied. Recently, our research 

group validated the ability of hematite towards the photochemical oxidation (PCO) of NOX 
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gases [24]. Basically, the photocatalytic oxidation of nitric oxide proceeds from individual one-

electron transfer steps, via the intermediate species nitrous acid (HNO2) and nitrogen dioxide 

(NO2). As the α-Fe2O3 particles are irradiated by sunlight irradiation, an electron in the valence 

band (VB) acquires the energy of a photon to become a photogenerated electron (e-), which 

migrates to the conduction band (CB) and simultaneously leaves a photogenerated hole (h+) 

behind. The pair of mobile charges produced can reach the surface of the semiconductor 

particle and, in contact with oxygen and water molecules, assisting the formation of reactive 

oxygen species (ROS). The ROS species (mainly, hydroxyl radicals, but also superoxide) act as 

strong oxidants in the photochemical mechanism: [8, 24] 

            OH                     OH                 OH 

NO      HNO2      NO2      NO3
-  (1) 

 

Fig. 5a shows the nitric oxide (NO) concentration profile obtained during the NO oxidation test 

under light irradiation performed for hematite porous samples. The concentration of NO only 

experiments a sudden decrease under irradiation meaning that, once the activation of the α-

Fe2O3 sites occurs, the oxidation of the pollutant took place by the heterogeneous 

photocatalytic reaction. Fig. S3 shows the NO, NO2 and NOX concentration profiles registered 

during the same test. It is observed that the removal of NO is accompanied by the release of 

NO2 gas, an intermediate of the photochemical process but more toxic than NO molecule [45]. 

Considering both phenomena, the NOX plot describes the whole amount of nitrogen oxides 

gases removed. On the other hand, the photochemical mechanism is stated by the 

identification of NO2
-/NO3

- species in the IR spectra of the H_nanotubes sample after 

irradiation, Fig. S4. New bands in the 1000–1600 cm1 range, concerning NO vibration modes, 

appear in the spectra obtained after irradiation. The band located at 1543 cm1 corresponds to 

vibrations of nitrate specie, the presence of nitrite anions being assigned to 1415 and 1335 

cm1 bands. The lowest bands at 1150 and 1041 cm1 must be tentatively assigned to bridging 

ions [46-48]. The OH vibrating mode of traces of adsorbed water accounts at 1640 cm1.  
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For comparison purposes, the NO removal efficiency of hematite samples was compared to 

commercial TiO2 P25 (benchmark photocatalytic material worldwide used as standard on the 

research field; Fig. 5a, Fig. S3 and Table 1). As was previously known [24], the photocatalytic 

behaviour of the hematite nano-powders for NO removal is very scarce, around 13 % of 

efficiency. Through the preparation of nanofibers [23] the NO removal is doubled, however 

this efficiency seems far from what was expected due to the reported surface area (22.1 m2 g-

1). Surprisingly, it was observed that the NO removal efficiency of these hematite porous 

architectures was so high  five times that reported for hematite nano-powders [24]  and 

similar to that exhibited by TiO2 P25. These systems exhibit an NO conversion efficiency 70%, 

which is similar to that exhibited by advanced TiO2-based systems [49-54]. As can be noticed 

from Figure S5 in the Supplementary Information, under Vis Light the NO conversion is 

limited to 11-14 % and does not occur for TiO2 P25. 

In spite of their low BET surface area, around 13.7 m2g-1, the outstanding NO efficiency values 

found could be explained by considering the porous architecture of both samples, as described 

for other De-NOX photocatalysts. This peculiar heterogenous microstructure would facilitate 

the photo-oxidation of gas molecules in the pores and channels by the just produced hydroxyl 

radicals. In this sense, the De-NOX selectivity value, S (defined in ESI), a parameter which 

expresses the ratio of degraded NO that becomes as innocuous nitrate rather than toxic 

nitrogen dioxide must be interpreted [55]. The S values obtained for H_nanotubes and 

H_flakes were 54 and 51 %, respectively (Fig. 5b). In comparison, the De-NOX selectivity 

corresponding to commercial TiO2 P25 proved to be poor enough after 30 minutes of light 

irradiation, for which an S value of 29 % was found. This is easily understood by observing the 

nitrogen oxides concentration profiles obtained during the photochemical degradation of NO 

gas, Fig. S3. In the case of the titania sample, the major part of inlet NO gas is released as NO2 

at the end of the irradiation period, which could also be associated with the very low 
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proportion of micropore area (Table 1). However, for H-nanotubes and H_flakes samples the 

micropore area accounts for more than half of the specific surface area (Table 1). The higher S 

value was reached for H-nanotubes, the sample with the highest micropore area contribution 

(87%). Moreover, a significant population of mesopores was found for hematite samples, 

being scarce for TiO2 P25 (Fig. S6).  Therefore, it seems reasonable to consider that 

microporous structure of hematite enhances the photochemical process. It would be assumed 

that most of the NO molecules are converted into NO3
-, and not released to the atmosphere as 

NO2. The rising number of NO2 molecules would probably have enough time to be oxidised 

into NO3
- because they remain adsorbed on the pores and channels on the hematite surface. 

In this sense, additional evidence was obtained from preliminary NO2 gas adsorption studies. 

Thus, a mixture of air/NO2 was sent to the reactor with a NO2 concentration around 150 ppb, 

obtained by mixing synthetic air and pure NO2 (flow rate of 0.30 L min-1; R.H. at 50 ± 5). In the 

absence of light irradiation, NO2 gas was passed over the samples and differences were 

observed in the evolution of the concentration profile with time, Fig. 5c. The NO2 

concentration profile for TiO2-P25 is similar to that of a blank test (without the presence of 

catalyst). In both cases, the NO2 concentration remained constant at the initial inlet value 

during the time of the experiment, and therefore, there was no interaction between the gas 

and the catalyst or chamber surface. However, in the case of the H_nanotubes sample (as way 

of example), lower concentration values for NO2 were measured during the first 40 minutes 

indicating that gas molecules are probably being adsorbed on their surface. As 

aforementioned, the higher De-NOX selectivity found for porous hematite samples would be 

explained based on their ability to adsorb the recently formed NO2 gas molecule (reaction 1), 

facilitating its oxidation to nitrate before it is released to the atmosphere.  A similar 

relationship between pore microstructure and high De-NOX efficiency was also previously 
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stated for TiO2. Thus, in the case of mesocrystalline anatase nanoparticles, high NO conversion 

values but also a more selective De-NOX process were reported [10].   

Fig. 5b helps to elucidate the true De-NOx behaviour of the different photocatalysts object to 

study. This figure plots the amount (%) of NO and NOX removal, NO2 released and selectivity 

values for each sample. The highest amount of NO removal (blue columns) is found for TiO2 

P25, with this being due to the higher photo activity according to its high BET area (Table 1) 

and, mainly, to the inherent photochemical properties better than those of hematite. In this 

sense, the characteristic short excited-state lifetime (ca. 1 ps) and small hole-diffusion length 

(ca. 2–4 nm) of hematite are known to promote fast hole/electron recombination [17], thus 

limiting in some manner the existence of ROS species to promote reaction (1). However, 

considering a true environmental remediation, it is of importance to know about the total 

amount of NOX gases removed (Fig. 5b; pink columns). Under the measured experimental 

conditions, because they exhibit the highest S values, above 50 %, the H-nanotubes and 

H_flakes samples are considered to be better photocatalysts, with the photocatalytic 

behaviour of TiO2 being hindered by the scarce ability to retain and convert the NO2 gas (70 % 

of gas molecules released). Thus, porous hematite samples perform better in the the NO  

NO2  NO3
- oxidation process, allowing a higher amount of the whole NOX gases to be 

removed, around 40 %, in comparison with TiO2 P25 (25 % NOX removed). Moreover, the 

photocatalyst´s reusability was studied. Several consecutive NO photocatalytic removal 

experiments were run over H_nanotubes in periods of 30 min, Fig. S7. Between experiments, 

the sample was rinsed with water between consecutive cycles in order to eliminate 

nitrite/nitrate species. The low activity loss, lower than 8%, is indicative of good reusability. In 

the other hand, low photocatalyst inactivation during an extended period of six hours of 

light irradiation was observed, Fig. S8. 
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4. Conclusions 

Two different Fe2O3 porous architectures, interconnected nanotubes and flakes, have 

been obtained. Nanotubes were prepared by electrospinning of the Fe(NO3)2/PVP 

solution and its subsequent calcination, the -Fe2O3 flakes being obtained by direct 

calcination of the Fe(NO3)2/PVP mix. Sintered nanoparticles formed the nanotubes and 

flakes samples exhibiting similar wall porosity and crystal size and large micropore area. 

The NO removal accounts through the NO  NO2  NO3
- photo-oxidation process, with 

significative performance (around 40 %) and reusability. These samples exhibit a high 

NO conversion efficiency similar to that of TiO2 P25 and previous reports of other 

advanced TiO2 based systems, with this being the first reported for -Fe2O3 oxide. 

Additionally, the Fe2O3 porous architectures showed higher De-NOX selectivity than TiO2 

P25. In this sense, the good selectivity observed could be related to their large 

micropore area, facilitating the adsorption of NO2 molecules. 

 

 

Appendix A. Supplementary Information 

Supplementary Information accompanying this paper includes more information about: 

morphological characterization of the samples; De-NOX test for photocatalysts; IR Spectra; 

Microstructural characterization of TiO2 P25; De-NOX cycling test. 
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Table 1. Crystal size, surface area and porosity parameters for α-Fe2O3 samples.  

 

 Samples  H_nanotubes H_flakes TiO2 P25 

Crystal size (nm)  54 66 30 

Surface Area  

ABET / m2·g-1 a  13.61 13.79 57.25 

Amicropore / m2·g-1 b  11.91 6.63 8.05 

AExternal / m2·g-1 b  1.70 7.17 49.20 
a
 Determined by adsorption of N2 at 77 K, BET  method  

b
 Determined from the N2 adsorption isotherm by t-plot method  
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Figure captions 

 

Fig. 1: SEM images of the H_nanotubes sample: (a)(b) Fe2O3 mat of interconnected 

nanotubes, (c) open microtube and (d) detail of the microtube wall. 

Fig. 2: SEM images of the H_flakes sample: (a) image of a wrapped film; (b) detail of the 

wall wrapped lamella cross section; (c) image of the surface flat lamella and (d) 

cross section. 

Scheme 1: Illustration of the growth process for the H_nanotubes and H_flakes 

samples. 

Fig. 3: (a) XRD patterns and (b) Raman spectra obtained for hematite porous samples. 

(c) XPS spectra of the Fe2p and Fe3p (inset) regions corresponding to the 

H_nanotubes sample. 

Fig. 4: (a) N2 adsorption-desorption Isotherms for H_nanotubes and H_flakes samples. 

(b) Kubelka-Munk transformed reflectance spectra for the H_nanotubes sample. 

Fig. 5: (a) NO gas concentration profile evolution measured during the photochemical 

test, for hematite porous samples and TiO2-P25. (b) NO and NOX conversion, NO2 

released and selectivity values. (c) NO2 absorption ability of samples in the 

darkness.   
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Figure 4 
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